Carcinogen-nucleic acid interactions: equilibrium binding studies of aflatoxin B1 with the oligodeoxynucleotide d(ATGCAT)2 and with plasmid pBR322 support intercalative association with the B-DNA helix.
Equilibrium binding of aflatoxin B1 (AFB1) to the oligodeoxynucleotide d(ATGCAT)2 was examined by using 1H NMR. AFB1 binds to double-stranded d(ATGCAT)2 with an apparent binding constant of 3.7 x 10(3) M-1. The equilibrium is rapid on the NMR time scale; the observed 1H NMR spectrum represents the population-weighted average of the chemical shifts arising from the free and bound states of the oligodeoxynucleotide and the AFB1. The spectrum of d(ATGCAT)2 exhibits exchange broadening in the presence of AFB1, manifested as decreases in apparent T2 relaxation times for the d(ATGCAT)2 base protons. Upon binding to d(ATGCAT)2, the AFB1 signals are shifted upfield, indicative of increased shielding. The adenine H2 protons are also shifted upfield in the presence of the carcinogen. Small changes in chemical shift are observed for other d(ATGCAT)2 protons. A substantial decrease in the nonselective T1 relaxation time is observed for the adenine H2 protons in the presence of AFB1. Competition binding experiments in which the competing ligands actinomycin D, ethidium bromide, and spermidine were individually added to an AFB1-d(ATGCAT)2 equilibrium mixture showed that addition of 1 equiv of actinomycin D or 4 equiv of ethidium bromide was sufficient to displace bound AFB1 from d(ATGCAT)2. In contrast, the addition of spermidine did not result in the displacement of bound AFB1 molecules and may have slightly enhanced binding, presumably due to stabilization of the DNA duplex. 1H NOESY experiments confirmed that the overall conformation for the d(ATGCAT)2 duplex was right-handed both in the absence and in the presence of AFB1. Equilibrium binding of AFB1 to d(ATGCAT)2 is greatly diminished at higher temperatures at which the oligodeoxynucleotide is single-stranded.(ABSTRACT TRUNCATED AT 250 WORDS)